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8. ax4 + bx3 + cx2 + dx + e = 0 (a ≠ 0).

Quartic equation of general form.

1◦. Reduction to an incomplete equation. The quartic equation in question is reduced to an incom-
plete equation

y4 + py2 + qy + r = 0. (1)

with the change of variable

x = y −
b

4a

2◦. Decartes–Euler solution. The roots of the incomplete equation (1) are given by
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wherez1, z2, z3 are roots of the cubic equation

z3 + 2pz2 + (p2 − 4r)z − q2 = 0, (3)

which is called the cubic resolvent of equation (1). The signs of the roots in (2) are chosen so that

√
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z3 = −q.

The roots of the incomplete quartic equation (1) are determined by the roots of the cubic
resolvent (3); see the table below.

TABLE
Relation between the roots of the incomplete quartic equation and the roots of its cubic resolvent

Cubic resolvent (3) Quartic equation (1)

All roots are real and positive* Four real roots

All roots are real,
one positive and two negative*

Two pairs of complex conjugate roots

One roots is positive
and two roots are complex conjugate

Two real and two complex conjugate roots

* By Vieta’s theorem, the product of the rootsz1, z2, z3 is equal toq2 ≥ 0.

3◦. Ferrari’s solution. Supposez0 is any of the roots of the auxiliary cubic equation (3). Then the
four roots of the incomplete equation (1) are found by solving two quadratic equations
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